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(57) ABSTRACT 

A cleaning method is provided for cleaning a semiconductor 
Wafer. In this method, after removing adhering substances 
from the Wafer by using a chemical liquid of organic amine 
type, there is carried out a pure-Water cleaning capable of 
prevention of electrostatic destruction and alkaline corrosion 
on the Wafer. In detail, it is executed to make a processing 
chamber have an atmosphere of carbon dioxide and subse 
quently introduce steam into the chamber to dissolve CO2 
gas into the steam. Next, spray the pure Water to the Wafer. 
Then, the steam in Which COZ-gas is dissolved dissolves in 
the pure Water, so that the pure Wafer becomes Weak acid, 
accomplishing the reduction of resistivity of the pure Water. 
Additionally, alkaline substances is neutralized by carbon 
ated Water to prevent an alkaline corrosion on a Wiring layer 
on the Wafer’s surface. 

6 Claims, 17 Drawing Sheets 
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CLEANING METHOD AND CLEANING 
APPARATUS FOR SUBSTRATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a cleaning method of 
cleaning substrates of various kinds, such as semiconductor 
Wafers and LCD substrates, by a processing liquid and also 
relates to a cleaning apparatus for carrying out the above 
cleaning method. 

2. Description of the Related Art 
In the manufacturing process of the semiconductor 

devices, the semiconductor Wafers as the substrates are 
processed by a processing liquid, such as designated chemi 
cal liquids and pure Water, in order to remove contamina 
tions (e.g. particles, organic contaminants and metallic 
impurities), organic substances and oxidiZation ?lms, out of 
the Wafers. 

When carrying out this cleaning process by using the pure 
Water, there is used CO2 injection Water of Which resistivity 
is loWered by dissolving carbon dioxide (CO2) gas into the 
pure Water, in order to avoid the generation of static elec 
tricity during the cleaning process, Which might cause 
discharge breakdoWn on the Wafers. 

The CO2 injection Water is produced, for example, by 
alloWing carbon dioxide through ?lters, such as counter 
permeable membrane, to dissolve carbon dioxide into the 
pure Water. 

During the production of the CO2 injection Water, the 
resistivity of the ?nished CO2 injection Water is alWays 
measured and further the so-measured value is fed back for 
the present dissolution control of carbon dioxide to attain a 
designated resistivity of the Water. 

HoWever, When the cleaning apparatus is equipped With 
such a production unit of the CO2 injection Water, there 
come into existence problems that the installation cost is 
elevated and the apparatus itself is large-siZed, due to the 
establishment of additions, for example, ?lters, a resistivity 
meter, a feedback unit, etc. From this point of vieW, it is 
deemed that a more simple and convenient method of 
alloWing the resistivity of pure Water to be reduced is 
desirable to restrict the occurrence of static electricity for 
prevention the discharge breakdoWn on the Wafers. 

MeanWhile, in the cleaning process using various chemi 
cal liquids preceding the cleaning step using the pure Water, 
there is a case of using a chemical liquid of organic-amine 
type. In this particular case, alkaline substances are pro 
duced after the cleaning process of the pure Water folloWing 
the cleaning process using the chemical liquid of organic 
amine type, due to the reaction of the chemical liquid With 
the pure Water. Unfortunately, the alkaline substances erode 
aluminum Wiring on the Wafers. In this vieW, it is also 
desired to prevent the generation of alkaline substances 
derived from the reaction of the chemical liquid With the 
pure Water. 

Hereat, it is noted that the manufacturing process of 
semiconductor Wafers comprises the folloWing steps of: 
forming oxidation layers (SiOZ), nitride layers (SiN), metal 
layers (Cu) or the like on the Wafers; applying resists on the 
Wafers; exposing a designated pattern to each resist on the 
Wafers and next developing the resist by developer; dry 
etching oxidation layers (SiOZ), nitride layers (SiN), metal 
layers (Cu) or the like; cleaning the Wafers by a chemical 
liquid, such as organic solvent, organic acid, inorganic acid, 
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2 
etc. (for removal of residuals, e.g. polymers); and ?nally 
rinsing the used chemical liquid from the Wafers, in that 
order. 
As to the method of cleaning the Wafers by the chemical 

liquid, there is a knoWn method of supplying the chemical 
liquid to the rotating Wafers. Here, it should be noted that 
there exist linear grooves and holes on the Wafer surface, 
Which are resulting from the etching step. Since there is a 
difference betWeen ?at potions on the Wafer surface and the 
grooves/holes thereon in respect of the ?oWing condition of 
the chemical liquid, it is impossible to remove polymers 
sticking to the Wafer perfectly in the conventional method. 
For this reason, it requires a long period for the chemical 
processing process, causing the reduction of throughput. 

SUMMARY OF THE INVENTION 

Accordingly, the ?rst object of the present invention is to 
provide a method for dissolving carbon dioxide in the pure 
Water for cleaning substrates With ease and convenience. 

The second object of the present invention is to provide a 
method for restricting the generation of alkaline substances 
resulting from the reaction of a chemical liquid of organic 
amine type With the pure Water in the cleaning process for 
the substrates. 
The third object of the present invention is to provide a 

method of cleaning a surface of the substrate having grooves 
and holes formed thereon, effectively. 

In order to accomplish the above objectives, the present 
invention provides a method of cleaning a substrate in a 
processing chamber, Which includes the steps of: (a) intro 
ducing carbon dioxide gas into the processing chamber, 
thereby making an atmosphere of carbon dioxide concen 
tration being greater than that of air in the processing 
chamber; and (b) spraying the substrate With pure Water 
While rotating the substrate in the processing chamber 
having the atmosphere of carbon dioxide. 
The present invention also provides a substrate cleaning 

apparatus, Which includes: a substrate holder that holds a 
substrate; a motor that rotates the substrate holder; an 
enclosure de?ning a processing chamber therein, the pro 
cessing chamber being capable of accommodating the sub 
strate holder; a carbon dioxide gas supply system that 
supplies carbon dioxide gas into the processing chamber; 
and a pure Water supply noZZle that sprays the substrate 
accommodated in the processing chamber With pure Water. 

In addition, the present invention also provides a method 
of cleaning a substrate, Which includes the steps of: (a) 
supplying the substrate With a chemical liquid for dissolving 
unnecessary substances sticking to the substrate While rotat 
ing the substrate at a ?rst rotating speed; (b) supplying the 
substrate With the chemical liquid While rotating the sub 
strate at a second rotating speed greater than the ?rst rotating 
speed; and (c) stopping supplying the chemical liquid and 
rotating the substrate at a third rotating speed greater than 
the second rotating speed. 

Furthermore, the present invention also provides a sub 
strate cleaning apparatus, Which includes: a substrate holder 
that holds a substrate; a motor that rotates the substrate 
holder; a noZZle that sprays the substrate With a chemical 
liquid for dissolving unnecessary substances sticking to the 
substrate; and a controller that controls a rotation of the 
motor and an ejection of the chemical liquid from the noZZle 
according to a routine including the steps of: (a) supplying 
the substrate With the chemical liquid While rotating the 
substrate at a ?rst rotating speed; (b) supplying the substrate 
With the chemical liquid While rotating the substrate at a 
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second rotating speed greater than the ?rst rotating speed; 
and (c) stopping supplying the chemical liquid and rotating 
the substrate at a third rotating speed greater than the second 
rotating speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW shoWing the ?rst embodiment 
of a cleaning apparatus of the present invention; 

FIG. 2 is a plan vieW shoWing the cleaning apparatus of 
FIG. 1; 

FIG. 3 is a sectional vieW shoWing a cleaning unit of the 
cleaning apparatus of FIG. 1; 

FIG. 4 is a sectional vieW shoWing a condition that an 
inner cylinder is WithdraWn from an outer cylinder of the 
cleaning unit of FIG. 3; 

FIG. 5 is a sectional vieW shoWing a condition that the 
inner cylinder is arranged inside the outer cylinder of the 
cleaning unit of FIG. 3; 

FIGS. 6A and 6B are perspective vieWs of ejection 
noZZles of FIGS. 4 and 5 of the other embodiments; 

FIGS. 7A and 7B are front and side vieWs of the outer 
cylinder shoWing the arrangement of noZZles for Water/ 
steam; 

FIG. 8 is a structural diagram shoWing the structure of a 
CO2 gas supply system and a Water/steam supply system; 

FIG. 9 is a schematic diagram shoWing the structure of the 
cleaning apparatus of the second embodiment of the inven 
tion; 

FIG. 10 is a How chart shoWing a series of steps of the 
cleaning process of the invention; 

FIG. 11 is a process diagram shoWing the steps of the 
cleaning process; 

FIG. 12 is a graph shoWing a relationship betWeen revo 
lutions of the Wafer and ejecting conditions of the chemical 
liquid in the cleaning process; 

FIG. 13A is a sectional vieW shoWing a contact condition 
betWeen polymer sticking to the surface of the Wafer and the 
chemical liquid; 

FIG. 13B is a sectional vieW taken along a line A—A of 
FIG. 13A; 

FIG. 14 is a schematic plan vieW shoWing the structure of 
the cleaning apparatus of the third embodiment of the 
invention; 

FIG. 15 is a schematic structural vieW of the cleaning 
apparatus of FIG. 14; 

FIG. 16 is a sectional vieW of an essential part of the 
cleaning apparatus of FIG. 14; and 

FIG. 17 is a vieW shoWing a piping system of the cleaning 
apparatus of FIG. 14. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to attached draWings, embodiments 
according to the present invention Will be described beloW. 
[1st. Embodiment] 

The ?rst embodiment Will be explained While taking 
example by a cleaning apparatus for consistently loading, 
Washing, drying and unloading semiconductor Wafers in 
batch. Note, the semiconductor Wafers Will be referred as 
“Wafers”, hereinafter. FIG. 1 is a perspective vieW of the 
cleaning apparatus and FIG. 2 is a plan vieW of the cleaning 
apparatus. As shoWn in FIGS. 1 and 2, the cleaning appa 
ratus 1 includes an in/out port (container loading/unloading 
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4 
section) 2 for loading and unloading carriers (substrate 
container) C capable of accommodating the Wafers W 
therein, a cleaning unit 3 for performing a cleaning process 
against the Wafers W, a stage section 4 disposed betWeen the 
in/out port 2 and the cleaning unit 3 to load the carriers C 
into the cleaning unit 3 and also unload the carriers C 
therefrom, a carrier cleaning unit 5 for cleaning the carriers 
C and a carrier stocking unit 6 for stocking a plurality of 
carriers C. Note, reference numeral 7 designates a poWer 
unit and reference numeral 8 designates a chemical tank box. 

The in/out port 2 is provided With a mount table 10 
alloWing four carriers C to be mounted thereon and a carrier 
conveyer mechanism 12 capable of moving along a con 
veyer path 11 de?ned along the arrangement direction of the 
carriers C. The carrier conveyer mechanism 12 shuttles the 
carrier C betWeen the mount table 10 and the stage section 
4. The carrier C is capable of accommodating the Wafers W 
of the plural number, for example, tWenty-six Wafers W in 
the vertical arrangement. 
The stage section 4 is provided With a stage 13 for 

mounting the carrier C thereon. The carrier C is transported 
betWeen the cleaning unit 3 and the stage 13 by a carrier 
conveyer mechanism having an actuating cylinder. On the 
stage 13, there is also provided a reverse mechanism (not 
shoWn) for reversing the carrier C. The reason Why the stage 
13 has the reverse mechanism is that, since the carrier 
conveyer mechanism 12 after receipt of the carrier C from 
the mount table 10 transfers the carrier C to the stage 13 
While rotating its arm (not shoWn), the direction of the 
carrier C on the stage 13 is opposite to that of the carrier C 
on the table 10. 
A partition Wall 14 is arranged betWeen the stage section 

4 and the cleaning unit 3. The partition Wall 14 has an 
opening 14a formed to load/unload the carrier C there 
through. The opening 14a can be closed by a shutter 15. 
During processing the Wafers W in the cleaning unit 3, the 
shutter 15 is closed. When loading the carrier C into the unit 
3 and unloading the carrier C out of the unit 3, the shutter 
15 is opened. 
The carrier cleaning unit 5 is equipped With a carrier 

cleaning bath 16. In the carrier cleaning bath 16, the carrier 
C emptied as a result of taking out the Wafers W at the 
cleaning unit 3 is cleaned. 
The purpose of provision of the carrier stocking unit 6 is 

to make the carrier C having the uncleaned Wafers W or the 
emptied carrier C after taking out the uncleaned Wafers W 
Wait for the next-coming process temporarily. Also, the same 
unit 6 is provided to make the emptied carrier C to Wait in 
advance of accommodating the cleaned Wafers W. The 
interior of the carrier stocking unit 6 is capable of stocking 
a plurality of carriers C vertically. Further, the carrier 
stocking unit 6 is provided With a carrier moving mecha 
nism. The carrier moving mechanism capable of placing the 
carrier C in the carrier stocking unit 6 on the carrier 
conveyer mechanism 12 and also capable of transferring the 
carrier C to a designated position in the carrier stocking unit 
6. 

Next, the cleaning unit 3 Will be described. FIG. 3 is a 
sectional vieW shoWing the interior of the cleaning unit 3. 
FIGS. 3 and 4 are sectional vieWs both shoWing a cleaning 
part of the cleaning unit 3. In detail, FIG. 4 illustrates a 
condition that an inner cylinder 27 is WithdraWn out of an 
outer cylinder 26. Note, this position of the inner cylinder 27 
Will be called “retracted position” hereinafter. On the other 
hand, FIG. 5 illustrates another condition that the inner 
cylinder 27 is arranged inside the outer cylinder 26. This 
position of the cylinder 27 Will be called “processing posi 
tion” hereinafter. 




















